INTRODUCTION
There exists current interest in the transport properties of alternative refrigerants which do not deplete the ozone layer and do not contribute to the greenhouse effect. One of these alternatives is the refrigerant R152a (1,1-difluoroethane). Since it is inflammable, it is preferably applied as one of the components of a refrigerant mixture or in isolated industrial applications. For the latter purpose an industrial need exists for the viscosity ~Van der Waals-Zeeman Laboratory, University of Amsterdam, Valckenierstraat 67, 1018 XE Amsterdam, The Netherlands. 867 840/16/4-2 0195-928x/95/0700-0867507.50/0 9 1995 Plenum Pubiishing Corporation coefficient along the saturation line, both in the saturated liquid and in the saturated vapor. The vibrating wire viscometer is well suited for this type of measurement since it is simple and small, it does not disturb the system, and it does not use pressure differences. For the investigation of the viscosity of the boiling liquid it is mounted in the lower half of a relatively long pressure vessel, and for that of the saturated vapor upside down in the upper half, while in both cases the vapor-liquid interface is located in the other half of the vessel. This configuration was used in our investigation, and the results were reported in an earlier publication [ 1 ] .
In the present paper, we analyze a refinement of the measuring method, which was found subsequently, and which leads to a recalculation of the earlier results. With our vibrating wire viscometer the damping of the vibration of the wire is a measure for the viscosity provided that the mechanical damping is subtracted. The value of the mechanical damping is measured separately in vacuum. We found that this value depends on the vacuum pressure and on the way the wire has been treated before. To remove as many impurities as possible, the system had been pumped thoroughly for 6 days. The mechanical damping was measured at the highest vacuum and this value was used for the calculations reported in [ 1 ] . Afterward, this value has turned out to be too small, resulting in values of the viscosity coefficient which are too large. Apparently, so many impurities were removed that the wire was no longer in the state corresponding to the mechanical damping effect when gas is present. The effect on the data for the saturated liquid is small, but the new saturated-vapor data are up to 17% lower than the previous data and agree much better with the unsaturated-vapor data of Takahashi et al. [2] .
Details about the mechanical damping are given in the next section and the results of the recalculation are presented in Section 3.
THE MECHANICAL DAMPING
As mentioned above, the measurements were performed by means of a vibrating wire viscometer [3] [4] [5] [6] . A thin tungsten wire, with a length of 15 mm and a radius of about 25/~ m, is set into vibration by the combined action of a magnetic field and a sinusoidal electric current with a frequency close to the resonance frequency of the wire. After the current is stopped, the voltage, induced by the decaying vibration, is amplified, sampled and stored. After Fourier transformation, the width df and frequency of the resonance line f are computed. The viscosity coefficient is now calculated from the density at the measured temperature and from (df/f), according to the working equations for the vibrating wire viscometer given in Refs. 5 and 6. In this procedure the mechanical damping of the wire (df/f)vac is subtracted from (df/f). Further details of the apparatus and the method can be found in the previous article [ 1 ] .
At the start of the investigation the complete fdling system and the vessel containing the viscometer were evacuated by means of a two-stage rotary oil pump to remove as many impurities as possible. The pumping was continued for 6 days until the damping df of the wire did not change any longer. At this vacuum, the mechanical damping of the wire was measured as 0.329 Hz at a frequency f of 3571.00 Hz. Consequently, the system was filled with vapor, pumped again to the same vacuum pressure, and then filled definitively. Delay of boiling, observed several times during the investigation, confirmed the success in removing impurities from the vessel. The value of (df/f)vac for the mechanical damping obtained in this way and used for the calculations in Ref. 1 was 0.9213 x 10-4.
After the measurements on R 152a the mechanical damping of a new wire mounted in a different holder was determined in a high-vacuum vessel. The value obtained at a high-vacuum pressure of about 10 -4 Pa (10 -6 mbar) was much too small, however, compared with the value which can be calculated from the damping in open air and the known viscosity of open air. Apparently, the sintered tungsten wire was in a different condition than before in the open air, presumably because it was degassed and adsorbed impurities were removed.
Consequently, a separate study was made of the behavior of tungsten wires in vacuum at room temperature. The results can be summarized as follows: down to 50 Pa the resonance width df decreases with the pressure.
In the range from 10 to 50 Pa the behavior is unclear due to the transition to the Knudsen regime. Next, dfis constant in the range from 0.5 to 10 Pa.
In the range between rough and high vacuum, 0.5 to 0.005 Pa, a stable state could not be established with the available equipment. Finally, at high vacuum, 0.005 Pa and lower, the value of df was about 15 % smaller. The correct value was again determined from the damping in open air and the known viscosity and density of air at room temperature and atmospheric pressure. We could conclude that the correct value of the mechanical damping is obtained at pressures of about 1 to 10 Pa after about 1 h of pumping with a two-stage rotary oil pump. Longer pumping with a good pump or pumping with a high-vacuum pump will degas the wire and remove adsorbed layers which normally form part of the wire. That procedure will produce too low values for the mechanical damping and, thus, too high values for the viscosity.
In the case of our measurements of the viscosity of R152a [ 1], we pumped the system thoroughly for 6 days to remove impurities. So the value for the mechanical damping measured in these circumstances was too low and therefore the values calculated for the viscosity coefficient too high.
Looking back at our notes, we found a value of df = 0.369 Hz taken after 1 h of pumping, resulting in (df/f),,ac=O.O00119. This value agrees convincingly with the value 0.00012, which is calculated from the viscosity of open air as measured during the mounting process of the wire. Therefore, we have recalculated the viscosity coefficient of R152a with (df/f),,ac= 0.000119 as the value of the mechanical damping.
RESULTS
The measurement of the viscosity consists of measurement of the temperature of the sample fluid, calculation of the saturated-vapor pressure from the correlation given by Higashi et al. [7] , and of the density at this state from the equation of state given by Tamatsu et al. The new values of the viscosity of the saturated liquid are only slightly smaller than those reported earlier, the difference varying from 0.23 % at 243 K to 0.6% at 373 K. One value at 273 K has been omitted.
For the saturated vapor the difference varies from 2.3 % at 373 K up to 17 % at 243 K. For the calculation of these data, a reselection of the raw data has been performed whereby only the results of normal Fourier transformations have been taken into account, and for the sake of consistency, for 243 K another set of data has been chosen.
Since the differences for the saturated liquid are small, only the vapor data are shown in the figures. correlation formula provided by these authors. The solid line is a polynomial fitting curve meant only as a guide for the eye.
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The same data are shown as a function of the density in Fig. 2 and as a function of the pressure in Fig. 3 . Here the solid lines are fitted to the four extrapolated saturated-vapor values of Takahashi et al. [2] . The figures show a good agreement of our new data above room temperature with this fit. The deviation of the values at 373 K is presumably due to the use of different density values near the critical point. For the low temperatures, however, deviations from this fit and a large spread in the data are observed. The transition is marked by the spread in the data taken at 303 K. An explanation can perhaps be found in the plot of the kinematic viscosity as a function of the density (Fig. 4) . The kinematic viscosity is the quantity, which in principle is measured with a vibrating wire viscometer. In Fig. 4 , the 303 K point marks the transition from the nearly horizontal to the nearly vertical part of the plot. It shows that at low temperatures fluctuations in temperature and pressure have a large influence on the measurements. This is an extra source of inaccuracy, as was also experienced during the measurements.
Accordingly, the accuracy of the measurements is estimated to vary from 0.5 % for the saturated-liquid data to 2% for the high-temperature saturated-vapor data, while for the low-temperature vapor data the inaccuracy is much larger, perhaps up to 13 % when the fits are correct.
For the sake of completeness, the correlations for the dynamic viscosity of the saturated liquid given in Ref. 1 have also been recalculated. The results are nearly the same as before and so are the conclusions. The coefficients are given in Table III . A, B, C, and D are related to the correlation formula
In r/=A + (B/T) + CT+ DT 2
(1) based on the idea of Andrade [9] that the viscosity of a liquid is an exponential function of the temperature. This formula represents the 
With the exception of the three lowest temperatures, it gives the viscosity data within 0.5 %0 of the experimental values. At 243 K the deviation is -2.5% ; at 253 K, +0.9%; and at 363 K, +1.5%. In this case, the contribution of the third term is an order of magnitude smaller than those of the first two terms.
